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(S) Method of and apparatus for monitoring operation of a catalyst 



(57) The operation of a catalyst (3) can be monit- 
ored using a two part test. An engine manage- 
ment system is arranged to perturb the oxygen 
concentration of the exhaust gas of an internal 
combustion engine (1) such that an oxygen 
concentration of the gas entering the catalyst 
(3) varies between oxygen rich and oxygen 
deficient A first test involves counting the num- 
ber of transitions of the gas leaving the catalyst 
between two predetermined oxygen concen- 
trations in response to a predetermined number 
of transitions of the gas entering the catalyst. A 
second test is performed if the first test indi- 
cates the catalyst to be faulty. The second test 
involves forming an integral of the oxygen con- 
centration of the gas leaving the catalyst and 
correcting the integral for gas flow through the 
catalyst (3). 
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The present invention relates to a method of and 
apparatus for monitoring the operation of a catalyst. 
The catalyst may, for example, be included within the 
exhaust system of an internal combustion engine. 

According to a first aspect of the present inven- 5 
tion there is provided a method of monitoring opera- 
tion of a catalyst, comprising perturbing the oxygen 
concentration of gas entering the catalyst such that 
the oxygen concentration varies between first and 
second concentrations, forming an integral of the oxy- 10 
gen concentration of the gas leaving the catalyst dur- 
ing a period in which the oxygen concentration of the 
gas leaving the catalyst varies between a third con- 
centration and a fourth concentration in response to 
the perturbation, forming a measure of gas flow is 
through the catalyst during the integration and cor- 
recting the result of the integration for gas flow so as 
to provide a measure of performance of the catalyst. 

It is thus possible to provide a measure of the abil- 
ity of a catalyst to store oxygen and to correct this 20 
measure for changes in exhaust gas flow rate due to 
engine speed and load. 

Preferably the catalyst is a three-way catalyst 

Advantageously an engine management system 
is arranged to perturb the air-fuel ratio of the engine 25 
such that the oxygen concentration of the gas enter- 
ing the catalyst repeatedly alternates between the 
first and second oxygen concentrations. 

Preferably the measurement of the oxygen con- 
centration of gas leaving the catalyst is clamped be- 30 
tween upper and lower thresholds. 

Preferably the upper threshold is less than the 
third concentration. 

Advantageously the integration may be initiated 
on the transition of the gas entering the catalyst from 35 
being oxygen rich to being oxygen deficient. 

As an alternative, the time taken for the oxygen 
concentration of the gas leaving the catalyst to 
change between the third and fourth concentrations 
may be used as an integral of the oxygen concentra- 40 
tion of the gas leaving the catalyst 

A first embodiment of the method of monitoring 
the performance of a catalyst, may comprise: 

a first step of integrating the oxygen concen- 
tration of gas leaving the catalyst while the oxygen 45 
concentration of gas entering the catalyst is less than 
a first predetermined threshold; 

a second step of repeating step one for a pre- 
determined number of transitions of the oxygen level 
of the gas leaving the catalyst from the third concen- 50 
tration to the fourth concentration, summing the inte- 
grals to form a first sum, correcting the first sum for 
engine load so as to form a corrected value and sub- 
tracting the corrected value from a first predeter- 
mined value to form a first difference; repeating the 55 
first and second steps a predetermined number of 
times and forming a sum of the first differences great- 
er than a first predetermined threshold to form a sec- 



ond sum; and comparing the second sum with a sec- 
ond predetermined threshold and indicating the cata- 
lyst to be faulty if the second sum exceeds the second 
predetermined threshold. 

Preferably the first predetermined threshold is 
zero. 

Preferably the monitoring of catalyst perfor- 
mance is only initiated when predetermined engine 
operating conditions are satisfied. 

Preferably the first concentration is larger than 
the second concentration. 

Preferably the predetermined conditions are 
such that the engine is not in over-run or such that fu- 
elling has been temporarily suspended. Furthermore 
the rate of change of engine intake air flow should be 
less than a predetermined rate of change. Additionally 
engine load should be substantially steady, i.e. elec- 
trical or other loads internal to or powered by the ve- 
hicle, such as air conditioning, should not be switch- 
ing on or off. Furthermore, a traction control system, 
if fitted, should not be intervening to perform traction 
control. 

Advantageously a settling time may be allowed if 
the engine control system is responsive to one of first 
and second sensors provided downstream and up- 
stream of the catalyst, respectively, for monitoring 
oxygen concentration and the sensor to which the en- 
gine control is responsive has recently been changed 
from one sensor to the other. 

Preferably the output of a first sensor is clamped 
between a first limit and a second limit greater than 
the first limit. Advantageously the output of the sec- 
ond sensor is damped between a third limit and a 
fourth limit Preferably the sensors are lambda sen- 
sors. 

Preferably the output of the first sensor when 
clamped is used to form the integral. Preferably the 
first and second limits correspond to the lower and 
upper thresholds, respectively. 

According to a second aspect of the present in- 
vention there is provided a method of monitoring op- 
eration of a catalyst, comprising a first step of forming 
a difference between a number of first transitions of 
the oxygen concentration of gas entering the catalyst 
between the first concentration and the second con- 
centration and a number of second transitions of the 
oxygen concentration of gas leaving the catalyst be- 
tween the third concentration and the fourth concen- 
tration, comparing the difference with a third prede- 
termined threshold when a predetermined number of 
the first transitions have occurred, and initiating the 
method according to the first aspect of the present in- 
vention when the difference is less than the third pre- 
determined threshold. 

It is thus possible to provide a two part test of cat- 
alyst performance. A first test counts the difference 
between transitions in oxygen concentration up-stre- 
am and down-stream of the catalyst. A good catalyst 
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will give rise to a big difference whereas a poor cata- 
lyst will give rise to a small or zero difference. If the 
first test suggests that catalyst performance is poor, 
then the test of the first aspect of the invention is start- 
ed. 5 

Preferably the first transitions which are counted 
are transitions of the gas entering the catalyst from 
being oxygen deficient to being oxygen rich. 

Preferably the second transitions which are 
counted are transitions of the gas leaving the catalyst 10 
from being oxygen deficient to being oxygen rich. 

Alternatively, the first and second transitions 
may be transitions of the gas entering and leaving the 
catalyst, respectively, from being oxygen rich to being 
oxygen deficient. 15 

According to a third aspect of the present inven- 
tion there is provided an apparatus for monitoring op- 
eration of a catalyst, comprising a first sensor down- 
stream of the catalyst for monitoring an oxygen con- 
centration of gases leaving the catalyst, a second 20 
sensor up-stream of the catalyst for monitoring an 
oxygen concentration of gases entering the catalyst, 
gas flow estimating means for estimating the gas 
flow through the catalyst and a data processor ar- 
ranged to monitor outputs of the first and second sen- 25 
sors, to form an integral of the oxygen concentration 
of gas leaving the catalyst during a period in which the 
oxygen concentration of the gas leaving the catalyst 
varies between a third concentration and a fourth 
concentration in response to the oxygen concentra- 30 
tion of the gas entering the catalyst varying between 
a first concentration and a second concentration, and 
to correct a result of the integration for gas flow so as 
to provide a measure of performance of the catalyst. 

Preferably the catalyst is a three-way catalyst. 35 
Preferably, an engine management system per- 
turbs the amount of fuel introduced into the engine so 
that the catalyst receives, alternately, an air -rich 
combusted mixture and an air deficient combusted 
mixture. Such a fuelling strategy is required to oper- 40 
ate the catalyst correctly. 

Preferably the sensors are lambda sensors. 
Preferably the data processor is arranged to mon- 
itor engine operation so as to determine that prede- 
termined engine operating conditions are satisfied, 45 
and to start the monitoring of the catalyst when such 
predetermined conditions are satisfied. 

In a first embodiment of an apparatus for moni- 
toring the performance of a catalyst, the data proces- 
sor may be arranged to integrate the output of the first so 
sensor while the output of the first sensor is greater 
than a first predetermined sensor output value and 
the output of the second sensor is below a second 
predetermined sensor output value indicating that the 
gas entering the catalyst is oxygen deficient. The data 55 
processor may further be arranged to repeat the in- 
tegration for a predetermined number of integrations, 
to form an average and to correct the average for gas 



flow through so as to provide a measure of the oper- 
ation of the catalyst. 

Advantageously the data processor may repeat 
the integration and averaging and correction a plural- 
ity of times so as to form a plurality of corrected val- 
ues, each of the corrected values being subtracted 
from a first predetermined value to form a plurality of 
first differences, the data processor may then sum 
those first differences greater than a first predeter- 
mined threshold so as to form a second sum and com- 
pare the second sum with a second predetermined 
threshold and indicate the catalyst to be faulty when 
the second sum exceeds the second predetermined 
threshold. 

Preferably the data processor is further arranged 
to clamp the output of the first sensor between the 
first level and the second level greater than the first 
level. Advantageously the data processor is further 
arranged to clamp the output of the second sensor be- 
tween a third level and a fourth level greater than the 
third level. 

Preferably the data processor is arranged to inte- 
grate the clamped output of the first sensor. 

Preferably the data processor is arranged to mon- 
itor engine operation so as to determine that prede- 
termined engine operating conditions are satisfied, 
and to start the integration when such predetermined 
conditions are satisfied. 

According to a fourth aspect of the present inven- 
tion there is provided an apparatus for monitoring op- 
eration of a catalyst, comprising an apparatus accord- 
ing to the third aspect of the present invention, the 
data processor being arranged to perform a first test 
of forming a difference between a number of first 
transitions of the oxygen concentration of gas enter- 
ing the catalyst between the first concentration and 
the second concentration and a number of second 
transitions of the oxygen concentration of the gas 
leaving the catalyst between a third concentration 
and a fourth concentration, to compare the difference 
with a third predetermined threshold when a predeter- 
mined number of first transitions have occurred, and 
to initiate a test involving forming integrals of the oxy- 
gen concentration of the gas leaving the catalyst, as 
described in the third aspect of the present invention, 
when the difference is less than the third predeter- 
mined threshold. 

The present invention will further be described, 
by way of example, with reference to the accompany- 
ing drawings, in which: 

Figure 1 is a schematic diagram of an exhaust 
system of an internal combustion engine; 
Figure 2 is an exemplary diagram of the output 
signals from the sensors shown in Figure 1; 
Figure 3 is a flow chart illustrating the operations 
for performing a first test of a catalyst; 
Figure 4 is a flow chart illustrating the operations 
for performing a second test of a catalyst; 
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Figure 5 is a continuation of the flow chart of Fig- 
ure 4; and 

Figure 6 is a graph of test results. 

A spark ignition internal combustion engine 1 has 
an exhaust system 2 including a catalytic converter 3, 5 
as shown in Figure 1. A first lambda sensor 4 is situ- 
ated down-stream of the catalytic converter 3. A sec- 
ond lambda sensor 5 is situated up-stream of the cat- 
alytic converter 3. A first output of the first sensor 4 
is connected to a first input of a data processor 6. A 10 
first output of the second sensor 5 is connected to a 
second input of the data processor 6. An air-mass 
flow (AMF) measuring device 7 is provided to meas- 
ure air flow within an induction system 8 of the engine 
1 . An output of the air-mass flow measuring device 7 15 
is connected to a third input of the data processor 6. 

The lambda sensors 4 and 5 measure the oxygen 
content of the exhaust gases down-stream and up- 
stream of the catalytic converter, respectively. 

The outputs of the sensors are monitored by the 20 
data processor 6 so as to periodically check the func- 
tion of the catalytic converter. During engine opera- 
tion an engine controller 9 dithers the engine fuelling 
i.e. periodically varies the air/fuel ratio above and be- 
low the stoichiometric value, so as to control the 25 
amount of oxygen in the exhaust gas such that the 
catalytic converter 3 alternately performs oxidation 
and reduction of the pollutants within theexhaust gas. 

The signals from the lambda sensors vary in re- 
sponse to the dithering of the fuelling. The output of 30 
the second sensor 5 closely follows the changes in 
the fuelling, as is indicated by the substantially 
square wave shaped signal labelled "sensor 2" of Fig- 
ure 2. The output of the first sensor, labelled "sensor 
1", indicates the oxygen content in the exhaust gas 35 
down-stream of the catalyst and is delayed with re- 
spect to the signal of the second sensor due to gas 
travel time through and oxygen storage capacity of 
the catalytic converter. 

The data processor, which may be integral with 40 
an engine management system, checks the status of 
the engine management system so as to determine if 
the engine is being operated in near steady state con- 
ditions. That is to say, measurement of the perfor- 
mance of the catalytic converter 3 is not performed if 45 
the engine is in overrun, is in a fuel cut off mode, is 
subjected to abruptly varying load, is or has recently 
changed gear, has a rate of change of intake air flow 
above a predetermined threshold or is being control- 
led to perform traction control. If none of the above so 
events is happening, the data processor performs the 
first test, as illustrated by the flow chart of Figure 3. 

A variable i representing the number of iterations 
performed, and a variable P s representing a measure 
of the health of the catalyst in the catalytic converter 55 
3 are set to zero at step 10. Similarly two counters Nu 
and Nd are reset at step 12. The counters Nu and Nd 
represent the number of times the voltages from the 



second and first lambda sensors 5 and 4 make tran- 
sitions from respective low thresholds to respective 
high thresholds, although transitions from respective 
high thresholds to low thresholds could be counted. 
The number of voltage transitions for each sensor is 
counted at step 14, and step 16 causes step 14 to be 
repeated until the number of transitions made by the 
second sensor 5 is equal to a predetermined value, 
Nmax. Nmax typically has a value of ten. Control is 
then passed to step 18, where the variable i is incre- 
mented, and step 20 where a difference dN is formed 
by subtracting Nd from Nmax. 

Each value of dN is subtracted, at step 22, from 
a predetermined value ThO, which may be chosen to 
be approximately half Nmax, to obtain a difference 
which is an ith iteration's contribution to P s . Each con- 
tribution to P 9 is summed with the preceding contribu- 
tions. However, P s is constrained to be equal to or 
greater than zero. Control is then passed to step 24 
which determines whether a predetermined number 
of iterations, set in a value M and typically 20, has 
been completed. Control is passed to step 12 if fur- 
ther iterations are required; otherwise control is 
passed to step 26 where P s is compared with a thresh- 
old Th1, for example, Th1 is typically 60 if Nmax is 
equal to 10. If Ps is less than Th1, step 28 is executed 
whereby a flag is set to indicate that the catalyst is 
functioning properly. The test is then terminated at 
step 30. If Ps is greater than or equal to Th1, control 
is passed to step 32 which initiates a second stage 
test 

The first test is relatively simple and does not de- 
mand much processing power. However, the first 
stage test may be omitted. 

The second stage test provides a more sophisti- 
cated analysis of the performance of the catalytic 
converter 3. The test effectively forms an integral of 
the hatched regions of Figure 2 as a measure of the 
performance of the catalyst 3. 

Execution of the second stage begins at step 40. 
The same near steady state conditions are required 
as for the first test Step 42 initialises variables, after 
which the outputs Xu and Xd of the second and first 
sensors 5 and 4, respectively, are sampled at step 44. 
The value of the output Xd of the first sensor is com- 
pared with a low threshold value at step 46. If the out- 
put Xd of the first sensor 4 is greater than the lower 
threshold, i.e. Xd is high, control is passed to step 48. 
Otherwise control is passed to step 62. 

Step 48 performs an internal check to see if cal- 
culation of a variable AXsum is in progress. If the cal- 
culation of AXsum is in progress, control is passed to 
step 54. Otherwise control is passed to step 50. Step 
50 checks the previous value of the output Xd of the 
first sensor 4. Control is passed to step 44 if the pre- 
vious value was high. Otherwise control is passed to 
step 52 which initiates the calculation of AXsum and 
then passes control to step 54. The values of the out- 



4 



7 



EP 0 636 771 A1 



8 



puts Xu and Xd of the second and first lambda sen- 
sors are constrained to lie between upper and lower 
limits at step 54 (as illustrated in Figure 2) and then 
the difference AX = Xd-Xu is formed at step 56. Step 
58 tests AX to see if it is greater than or equal to zero. 5 
Control is passed to step 60 if AX is greater than or 
equal to zero, where AX is added to the current value 
of AXsum. Otherwise control is returned to step 44. 

If step 46 determined that the output Xd of the first 
sensor 4 is not greater than the lower threshold, con- 10 
trol was passed to step 62. Step 62 performs an in- 
ternal check to see if calculation of the variable 
AXsum is in progress. If the calculation of AXsum is in 
progress, control is passed to step 64. Otherwise 
control is passed to step 44. Steps 64 and 66 retrieve, 15 
and then examine, parameters indicative of the en- 
gine operation condition and check to see that the 
near steady state conditions required for performing 
the test are still satisfied, i.e. engine operation is with- 
in an acceptable "monitoring zone". If the test for near 20 
steady state conditions is not satisfied, control is 
passed to step 80 (Figure 5). Otherwise control is 
passed to step 68. Step 68 updates a variable Lsum, 
which represents a sum of the air mass flow with a 
measurement of intake air mass flow AMF for the per- 25 
iod over which the measurements (of the shaded 
areas shown in Figure 2) were made! 

Step 70 adds the value AXsum determined during 
the most recent period of summing to a variable ADS 
which is a sum of all the AXsum performed with the 30 
current test. Step 72 increments a variable Npk which 
is a count of the number of measurements which have 
been made. For, example, Figure 2 shows three shad- 
ed areas, a value AXsum would be calculated for each 
of the shaded areas and in this example Npk would 35 
equal 3 when the summation of the third shaded area 
was completed. Step 74 checks to determine whether 
or not Npk is equal to a predetermined value Nsize. 
Nsize is an integer and may, for example, be set to 
five. If Npk does not equal Nsize, control is passed to 40 
step 80 of Figure 5, otherwise control is passed to 
step 82 of Figure 5. 

Step 80 resets AXsum to zero and then passes 
control back to step 44, so that the measurement se- 
quence can be continued. 45 

Step 82 forms a mean MSD of the sums of 
AXsum, i.e. a mean measurement of the shaded area 
shown in Figure 2, by dividing ADS by Nsize. Step 84 
calculates a mean air mass flow rate MAMF for the 
period over which the measurements (of the shaded 50 
areas shown in Figure 2) were made. MSD is correct- 
ed for engine load at step 86 by forming a corrected 
sum CSD where 

[ Vail - MAMF] 



Val1 is set to a value which ensures that the denom- 
inator never becomes zero. 

A variable K, representing the number of complet- 
ed iterations is incremented at step 88. At step 90 a 
variable CAD, which is updated at each iteration, is 
calculated as CAD(k) = Th2 - CSD + CAD(k-1). Thus 
the value (Th2 - CSD) is added to the previous value 
of CAD at each iteration. Th2 is a threshold whose val- 
ue represents an approximate limit of acceptability of 
CSD. Thus good catalysts result in (Th2 - CSD) being 
negative while bad catalysts give a positive result. 

The value of CAD(k) is clamped such that it is 
never less than zero. 

Step 92 compares the value K with a value Csize, 
representing the number pf iterations that are to be 
performed before the test is completed. If K is less 
than Csize, control is passed to step 94, where ADS 
is reset to zero, then to step 80 and hence on to step 
44 such that another iteration is initiated. Control is 
passed from step 92 to step 96 if K equals Csize. Step 
96 compares the final value of CAD with a threshold 
Th3. If CAD is greater than Th3, control is passed to 
step 100, where a flag is set to indicate that the cat- 
alyst is faulty. Otherwise control is passed to step 98 
where a flag is set to indicate that the catalyst is work- 
ing correctly. The test is terminated at step 102. 

Figure 6 shows a graph of CAD(k) versus k, 
where k is the number of iterations, for a catalyst (*) 
which has been in use with a vehicle for 1 0,000 miles, 
for a catalyst (x) which has been in use with a vehicle 
for 24,000 miles, for a catalyst (+) which has been in 
use with a vehicle for 1 30,000 miles, and for a dummy 
(o) which had the internal structure of the catalyst but 
no precious metal coating so as to activate the cata- 
lyst 

The 1 0000 mile catalyst has a value near zero for 
each iteration, indicating the catalyst to be in good 
condition. The 24000 mile catalyst has a value of CAD 
which peaks at about 3.2, also indicating the catalyst 
to be in good condition. The value of CAD for the 
130000 mile catalyst rises, almost steadily, with in- 
creasing number of iterations. This catalyst is not 
functioning correctly and should be replaced. The 
dummy initially performs better than the 130000 mile 
catalyst. It would seem reasonable to expect that the 
130000 mile catalyst should perform no worse that 
the dummy. However, the dummy contains all the ele- 
ments of a catalyst except for the activating layer. 
Thus the dummy has a limited converting activity and 
demonstrates some oxygen storage capacity. It is be- 
lieved that this difference in condition may account 
for the relative performance of the dummy with re- 
spect to the 130000 mile catalyst. 

The value of Th3 is chosen so as to distinguish 
between good and bad catalysts, for example, on the 
basis of the data presented in Figure 6, a value of 2.5 
for 20 iterations, or 4 for 30 iterations, may be chosen 
as the value for Th3. 



5 



9 



EP 0 636 771 A1 



10 



It is thus possible to monitor the operation of a 
catalyst in an exhaust system of an internal combus- 
tion engine. A first check is provided that is simple to 
implement and provides a rough indication of the 
state of the catalyst. A second, more thorough check 5 
is provided that provides a quantative indication of the 
state of the catalyst. Execution of the second check 
may be performed only when the first check fails, 
thereby reducing the computational load on the data 
processor. However, the first check may be omitted. 10 



Claims 

1. A method of monitoring operation of a catalyst the 15 
method characterised by comprising the steps of 
perturbing an oxygen concentration of gas enter- 
ing the catalyst (3) such that the oxygen concen- 
tration varies between first and second concen- 
trations, forming an integral (AXsum) of the oxy- 20 
gen concentration of the gas leaving the catalyst 

(3) during a period in which the oxygen concen- 
tration of the gas leaving the catalyst varies be- 
tween a third concentration and a fourth concen- 
tration in response to the perturbation, forming a 25 
measure of gas flow through the catalyst (3) dur- 
ing the period in which the integral (AXsum) is be- 
ing formed, and correcting the result of the inte- 
gration for gas flow so as to provide a measure 
of performance of the catalyst. 30 

2. A method as claimed in Claim 1, characterised in 
that the catalyst (3) is arranged to act on the ex- 
haust gas of an internal combustion engine (1), 

the engine (1) being controlled by an engine man- 35 
agement system so as to perturb an air-fuel ratio 
of the engine (1) such that the oxygen concentra- 
tion of the exhaust gas entering the catalyst (3) 
repeatedly alternates between the first and sec- 
ond oxygen concentrations. *o 

3. A method as claimed in Claim 1 or 2, character- 
ised in that the measurement of the oxygen con- 
centration of gas leaving the catalyst (3) is con- 
strained to lie between upper and lower thresh- 45 
olds. 

4. A method as claimed in any one of the preceding 
claims, characterised in that the integral (AXsum) 

of oxygen concentration of the gas leaving the 50 
catalyst is formed by measuring the time taken for 
the oxygen concentration to change between the 
third and fourth oxygen concentrations. 

5. A method as claimed in any one of the preceding 55 
claims, characterised in that the integration is ini- 
tiated on the transition of the gas entering the cat- 
alyst (3) from being oxygen rich to being oxygen 



deficient. 

6. A method as claimed in Claim 2 or any one of 
Claims 3 to 6 when dependent on Claim 2, char- 
acterised by: 

a first step of integrating the oxygen con- 
centration of gas leaving the catalyst (3) while the 
oxygen concentration of gas entering the catalyst 
(3) is less than a first predetermined oxygen con- 
centration; 

a second step of repeating the first step 
one for a predetermined number of transitions of 
the oxygen concentration of the gas leaving the 
catalyst (3) from the third concentration to the 
fourth concentration, summing the integrals 
(AXsum) to form a first sum (ADS), correcting the 
first sum for engine load (Lsum) so as to form a 
corrected value (CSD) and subtracting the cor- 
rected value (CSD) from a first predetermined 
value (Th2) to form a first difference (Th2-CSD); 
repeating the first and second steps a predeter- 
mined number of times and forming a second 
sum (CAD(k)) of the first differences (Th2-CSD) 
greater than a first predetermined threshold; and 
comparing the second sum with a second prede- 
termined threshold (Th3) and indicating the cata- 
lyst (3) to be faulty when the second sum 
(CAD(k)) exceeds the second predetermined 
threshold (Th3). 

7. A method of monitoring operation of a catalyst, 
characterised by comprising a first step of form- 
ing a difference (dN, Ps) between a number of 
first transitions of an oxygen concentration of a 
gas entering the catalyst (3) between a first con- 
centration and a second concentration and a 
number of second transitions of an oxygen con- 
centration of gas leaving the catalyst (3) between 
a third concentration and a fourth concentration, 
comparing the difference (Ps) with a third prede- 
termined threshold (Th1) when a predetermined 
number (m) of first transitions have occurred, and 
initiating the method as claimed in any one of the 
preceding claims when the difference is less than 
the third predetermined threshold. 

8. A method as claimed in Claim 2, or any one of 
Claims 3 to 7 when dependent on Claim 2, char- 
acterised in that the method is only initiated when 
predetermined engine conditions are satisfied, 
the conditions being one or more conditions se- 
lected from the following: that the engine is not in 
over run, that fuelling has not been temporarily 
suspended, that the rate of change of engine in- 
take airflow is less than a predetermined rate of 
change, and that engine load is substantially 
steady. 
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9. An apparatus for monitoring of a catalyst, charac- 
terised by a first sensor (4) downstream of the 
catalyst (3) for monitoring an oxygen concentra- 
tion of gas leaving the catalyst (3), a second sen- 
sor (5) upstream of the catalyst (3) for monitoring 5 
an oxygen concentration of gas entering the cat- 
alyst, gas flow estimating means (7) for estimat- 
ing the gas flow through the catalyst (3) and a 
data processor (6) arranged to monitor outputs of 

the first and second sensors (4, 5), to form an in- 10 
tegral (AXsum) of the oxygen concentration of 
gas leaving the catalyst (3) during a period in 
which the oxygen concentration varies between 
a third concentration and a fourth concentration 
in response to the oxygen concentration of the 15 
gas entering the catalyst (3) varying between a 
first concentration and a second concentration, 
and to correct a result of the integration (AXsum) 
for gas flow so as to provide a measure of perfor- 
mance of the catalyst. 20 

10. An apparatus as claimed in Claim 9, character- 
ised in that the catalyst (3) is arranged to act on 
the exhaust gas of an internal combustion engine 

(1) and an engine management system (9) is ar- 25 
ranged to perturb an air-fuel ratio of the engine 
(1) such that catalyst (3) receives, alternately, an 
air-rich combusted mixture and an air deficient 
combusted mixture. . 

30 

1 1 . An apparatus as claimed in any one of Claim 9 or 
10, characterised in that the data processor (6) is 
arranged to integrate the output of the first sensor 
(4) while the output of the first sensor (4) is great- 
er than a first predetermined sensor output value 35 
and the output of the second sensor is below a 
second predetermined sensor output value indi- 
cating that the gas entering the catalyst (3) is oxy- 
gen deficient. 

40 

12. An apparatus as claimed in any one of Claims 9 
to 11, characterised in that the output of the first 
sensor (4) is clamped between a first level and a 
second level greater than the first level. 

45 

13. An apparatus as claimed in Claim 9 or 10, char- 
acterised in that the data processor (6) is ar- 
ranged to perform: a first step of integrating the 
output of the first sensor (4) while the output of 

the first sensor (4) is greater than a first prede- 50 
termined sensor output value and the output of 
the second sensor is below a second predeter- 
mined sensor output value; a second step of re- 
peating the first step for a predetermined number 
(Nsize) of transitions of the output of the first sen- 55 
sorfrom a third predetermined sensor output val- 
ue to the first predetermined sensor output value, 
the third predetermined sensor output value be- 



ing greater than the first predetermined sensor 
output value, summing the integrals (AXsum) to 
form a first sum (ADS), correcting the first sum 
(ADS) for engine load (Lsum) so as to form a cor- 
rected value (CSD) and subtracting the corrected 
value (CSD) from a first predetermined value 
(Th2) to form a first difference (Th2-CSD); to re- 
peat the first and second steps a predetermined 
number (Csize) of times and to form a second 
sum (CAD(k)) of the first differences (Th2-CSD) 
greater than a first predetermined threshold to 
compare the second sum (CAD(k)) with a second 
predetermined threshold (Th3) and to indicate 
the catalyst to be faulty when the second sum ex- 
ceeds the second predetermined threshold 
(Th3). 

14. An apparatus for monitoring operation of a cata- 
lyst as claimed in any one of the preceding 
claims, characterised in that the data processor 
(6) is further arranged to perform a first test com- 
prising forming a difference (dN) between a num- 
ber of first transitions of the output of the second 
sensor (5) in response to transitions of the oxy- 
gen concentration of the gas entering the catalyst 
between the first concentration and the second 
concentration and a number of second transi- 
tions of the output of the first sensor (4) in re- 
sponse to transitions of the oxygen concentration 
of the gas leaving the catalyst (3) between the 
third concentration and the fourth concentration, 
to compare the difference (dN, Ps) with a third 
predetermined threshold (Th1) when a predeter- 
mined number of first transitions have occurred, 
and to initiate a test involving forming integrals of 
the oxygen concentration of the gas leaving the 
catalyst (3) when the difference of (dN) is less 
than a third predetermined threshold (Th1). 

15. An apparatus as claimed in Claim 10 or any one 
of Claims 11 to 14 when dependent on Claim 10, 
characterised in that the data processor (6) is ar- 
ranged to monitor the operation of the internal 
combustion engine (1) and to start monitoring of 
the catalyst (3) when predetermined conditions 
are satisfied, the predetermined conditions being 
one or more conditions selected from the follow- 
ing: that the engine is not in over-run, that fuelling 
has not been temporarily suspended, that the 
rate of change of engine intake air flow is less 
than a predetermined rate of change, and that the 
engine load is substantially constant. 
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